His younger brother died at an early age; his sister, now aged 94, is well. Nothing more is on record relating to childhood activities.
In his final year at the Academy he won the Dux Medal, the Mathematics Medal and the Science Medal, and sat for the Bursary Examination of the University of Glasgow in 1925.
In the Bursary Examination he came third, taking papers in English, French, Mathematics, Natural Philosophy and Chemistry. He was awarded the John Clerk (Mile End) Bursary to study Mathematics and Natural Philosophy. This gave him £100 a year for two years which, since he lived at home throughout his student years, would probably have been enough to fund his whole course. He was an able undergraduate, winning a number of prizes and dis tinctions, including the Thomson Prize in Astronomy; graduated in 1930 with an ordinary B.Sc. in pure science and a second class honours in Mathematics and Natural Philosophy . . . I would guess this double degree was to qualify him to teach, and the fact that he took an Education class corroborates this. (He took this in the 1927/8 Session).
I drew the archivist's attention to the fact that Forrest did a very good piece of research in 1929/30 (l)f to which the archivist replied, (B), However, I have discovered that he was admitted as a research student in the Science Faculty in October 1929 before he completed his undergraduate degrees. This was not unusual and in that year he was awarded the Thomson Experimental Scholarship followed months later by the Mackay-Smith Scholarship.
His professor, E. Taylor Jones, who held the Kelvin Chair of Natural Philosophy, had a great influence on my development: he was an inspiring and dramatic lecturer, and a great experimenter in the classical tradition. I did a year's research under his direction on the glow dis charge at the active electrode of the electrolytic rectifier (1). He gave his research students a great deal of freedom, and only helped when we were in difficulties. I even chose the subject for research myself. (A) The Central Electricity Board was appointed in 1927 to construct a national transmission line system to operate at 132 kV, buying and selling electricity to the many city electrical sta tions. The design of the system was prepared by the large companies of consulting engineers who, in turn, sought the help of the electrical industry in making essential tests. Thus, in my own Company, the Metropolitan-Vickers Electrical Company (M -V E Co.), the power fre quency and the impulse voltage tests were made in the high-voltage Laboratory, on strings of clean and dirty insulators to be used for supporting the transmission lines (C) and as the work progressed results were reported to Dr Charles W. Marshall, the Board's deputy electrical engineer responsible for research. In 1929 Marshall (D) described preliminary operating experiences of the Grid in South Scotland; some insulators had suffered severe pollution and flash-over in thick fog, particularly near estuarine waters where salt-spray deposits had been great, vibration of some conductors had resulted in breakdown of the insulators, and to get some idea of the severity of lightning storms, klydonographs were to be installed; in the dis cussion which followed the presentation of that paper it was made clear that new research would be necessary.
On a test tower at the Dalmarnock power station on the Clyde various types of insulators were erected and a representative of the NPL made power-factor and impedance observa tions under various weather conditions by means of a Schering Bridge (E). I well recall that in October 1930 Dr Goodlet of the M -V E Co. invited me to join Dr Marshall for a discus sion of the new problems which had arisen; we, at that time, had just started to use the cathode-ray oscillograph to study impulse voltage breakdown of insulators, and Marshall was very interested.
W it h t h e C e n t r a l E l e c t r ic it y B o a r d
Unfortunately the personal account (A) sheds little light on Forrest's first appoint ment:'Physicist, Central Electricity Board, Glasgow 1930' followed by the same tide, London 1931.
We know that the first section of the Grid to be completed was in the South of Scotland Board area, and the second in the South Eastern Board (England) area. His first appointment was to the Glasgow District Office of the former Board, and his second to the main London Office of the CEB at Trafalgar Buildings where the Chairman and Dr C.W. Marshall had their rooms; it was here that I first met John. His first published paper on the Grid (2) was submitted to the IEE in June 1931; it reports his calculations made on the equivalent spacing and inductance of a 3-phase line, its capacitance and voltage drop, and his theories are sup plemented with measurements taken on the Abernethy-Bonnybridge, the AbernethyDundee, and the Dorking-Leatherhead 132 kV lines, so we can infer that he had arrived in London, say, early in 1931 after making the measurements on the lines in Scotland in 1930. Up to that time in London it would appear that he had not spent time on line insulators.
We both attended our first meeting in Paris in the last week of June 1931 at the Conference Internationale des Grands Reseau Electrique (CIGRE) and I remember dis cussing with him our impulse voltage tests: I had been made the British member of the Committee on Insulators (No. 8) and those tests were just being considered.
We have no record of his work in London after writing paper (2) until early 1934. We know (81) that he began to acquire instruments to help solve some of the problems which had started to arise in parts of the Grid in Glasgow and Birmingham, such as harmonic dis tortion and radio interference.
I first acquired a transportable (just) Duddell oscillograph and a harmonic analyser and installed them in a room in Head Office. This brought immediate complaints from an irate Office Manager who said that the floors would not stand the weight and that in general my activities were barely respectable, especially as he understood that I was something called a 'Physicist' -a term practically unknown in industry then. Next I found that the Board had a Stores at Waddon near the Croydon Airport and, with the help of a co-operative District Manager, I annexed a couple of rooms for my apparatus, found two benches in the Stores and 'borrowed' them -the rightful owners found these and took them back.
Paper (3) was sent to the IEE in March 1935, 'The electrical characteristics of 132 kV line insulators under various weather conditions':
The prime urgent object had been to develop a testing technique which would determine which of the available types is most suitable for use under foggy conditions . . . the investigation has been in progress for nearly a year and it is considered that the primary object has been fulfilled.
Apparently, early in 1934 he had had a test tower erected at the Croydon transforming sta tion chosen because of the prevalence of fog in the district and of a power station whose cooling towers, a refuse destructor and a gas-works all combined to produce a good soup of foul weather conditions. He had clearly not been impressed by the measurements made at Dalmamock: 'they indicated that under foggy conditions an insulator having a large area of exposed vertical surface was most likely to be successful'. But after some foul weather con ditions 'their performance seemed little better than the usual discs' and after a bad winter of 1933-4, 'a comprehensive investigation had to be commenced.' He was not convinced that the 'power-factor-immunity from flash-over' correlation was proven and chose to rely on the magnitude of the leakage current measurement. The Croydon laboratory was called the HighVoltage (H -V) Laboratory with facilities to test at voltages up to 400 kV, the Waddon rooms, two miles away, the Light Current Laboratory. He had a staff of five, three of whom were engineers. Indeed one, Dr Frank Last (F), had been on my staff in the H-V Laboratory in Manchester. In the few years before the War some good work was done on lines (4-10).
With the outbreak of war the work was restricted to immediate operational problems but in August 1940 the Waddon Laboratory was seriously damaged during an air-raid on the adjacent aerodrome, and Dr Last, working alone late at night, had a harrowing experience. His laboratory was wrecked, he escaped severely shaken, and outside his car was damaged. Next day he took what he could rescue to Horsley Towers where Dr Forrest had taken up resi dence. The Waddon Laboratory ceased to exist and 'We looked for a less vulnerable site . . . located adjacent to the Leatherhead Grid Station: the 250 kV transformer was transferred to Leatherhead.' 'A hut was erected just outside the fence and a sign proclaiming "Research Laboratory" was hung on the door and thus "CERL" was conceived' (G). After the war more army huts were bought cheaply so Forrest was able to start new sections -physics, engi neering and chemistry -to add to the two original named sections.
In I had applied for a position in the B.E.A. Laboratory at Leatherhead and was interviewed [in January 1951] by Forrest and C.W. Marshall, who was then in charge of research; Marshall did most of the talking and Forrest appeared to me to be a shy rather reticent person, an opinion which did not change as I came to know him better . . . I was shown the old Green Hut... in which about 15 researchers were working . . . it gave me a good appreciation of the type of facilities that Forrest and his few colleagues had to cope with in the 1930s and 1940s. That they did cope and managed to carry out such worthwhile research is a tribute to their dedication [and, one might add, to the dedication of John]. The growing need for power called for a higher transmission line voltage and in 1949 a M-mile length of line was erected, capable of withstanding 300 kV; later a 1.4 MV impulse generator and a cathode-ray oscillograph were purchased (41). The early results of tests at this higher voltage were presented to CIGRE in Paris in 1952 and, in addition, preliminary results were reported to the British Electric Power Convention of 1952 (44) on work on many other aspects of power generation: boiler tubes, water purity and corrosion, cooling tower performance, flue-dust measurement, steam cycles, gas turbines, alternator and turbine vibration problems (with a brief glimpse into the future of nuclear, windpower, and fuel cell problems). Also in 1952, Dr Forrest and two Authority engineers reviewed the 275 kV developments on the British grid system (45) and discussed a future 380 kV system.
At the opening of the Laboratory in 1950 the staff numbered 32; by 1952 it had grown to 59 and when the whole of the extension was complete in 1955 the number was 200 (G). In that year the South of Scotland Electricity Board was formed, removing responsibility from the BEA, and so the title of the Authority was altered to Central EA. Thus, CERL was bom and the name first appears in Dr Forrest's paper (52) to the American IEEE in December 1955.
To cope with all the problems and developments of a booming industry, extensions to CERL were sought but finance was not granted; indeed I am informed by Mr Fred Colmer (J) that there was no interest in research in the top echelons of CEA; . . . coming from Windscale to the Nuclear Power Branch I thought it necessary for the CEA to have some research of its own in the nuclear field . . . 1 was welcomed with open arms when I made my first contact with J.S.F. then we talked of heat transfer . . . , he latched on to these ideas but said he had no space, but had plans in the drawer for new labs on a new site. To speed things up we proposed the pre-fab buildings which could become part of the new site . . . in no time we managed to get £100 000 agreed and thus between us we planted the seed for the expansion of the Leatherhead site when the CEGB was formed.
Dr Clem Haig also joined the CEA Nuclear Power Branch in 1955 and noted that it had no experimental facilities of its own; he felt that the growing importance of nuclear tech nology really needed a specialist laboratory as well as bigger conventional resources at CERL (K).
In 1956 a committee of enquiry into the electrical supply industry was set up with Sir Edwin Herbert as Chairman and Professor R. Edwards a member; they recommended in 1957 that a reconstruction be made, splitting the generation and distribution of electricity at high voltage from the lower voltage distribution network and the sale of electricity; a Central Electricity Generating Board (CEGB) and an Electricity Council with its Area Boards. The Herbert Committee had considered that the money that had been spent on R&D was derisory. The change took place on January 1 1958 with Sir Christopher Hinton as Chairman, CEGB, and he brought in Dr Leonard Rotherham from the AEA to be the board member for research 'notably to promote co-operation between scientists and engineers' (L). 'Dr Forrest found that the proposals for enlarging CERL, which he had previously put forward -and had been turned down -were acceptable to Hinton. ' Forrest himself wrote that (A)
Soon after Lord Hinton took office he arranged to come and see me at Leatherhead. I was astounded -no previous Chairman had ever done this! After some discussion he said 'Your lab. is much too small. What are you going to do about it?' So I produced the plans for the proposed new laboratory. He examined them critically and then asked 'How long would it take to build?' I replied 'About three years', and he said 'You can do it in two, get on with it!' And that is how C.E.R.L., substantially as we know it today, was approved.
: and by the time the buildings were opened on 10 May 1962, by the Rt Hon. Richard Wood, Minister of Power, the staff had risen to 750, almost its subsequent maximum.
T h e C e n t r a l E l e c t r ic it y R e s e a r c h L a b o r a t o r y
The work of the CERL at the start of 1958 is well described in (57), and a masterly paper with two members of his staff (59) in 1960 led to his being invited to give the Hunter Memorial Lecture in 1961 (60) and being nominated Chairman of the Supply Section 1961-62 of the IEE (61). Then followed a comprehensive analysis of a possible 400 kV net work to be superimposed alongside the 275 kV lines; three senior members of the Board pre sented the details and Dr Forrest outlined what matters needed research, such as conductor size, corona power loss, radio noise and insulation for a.c. and impulse voltages (62). This paper was followed in 1963 by the third John Logie Baird Memorial Lecture (63), delivered in the Royal College of Science and Technology, where Dr Forrest tried to look 20 years ahead: more power per unit of fuel, transmit more efficiently, and improve security. Later that year he was elected President, Section A of the British Association in Aberdeen (64). Immediately after this he began the delivery of the IEE Faraday Lectures (65) on 'Making electricity', first in November in Cardiff and on to April 1964, 13 lectures in all, plus repeats for sixth-form pupils in many of the centres: a mammoth task to a total audience of about 35 000. I had been invited by Sir Christopher Hinton to join the CEGB as Chief Scientist in October 1963 and went at once to CERL to renew and consolidate my friendship with John. I had followed his work keenly, with great interest, and with admiration for 30 years and now he wanted me to see the new Biological Laboratory and discuss the early experiments on power extraction from a stream of very high temperature ionized gas (MHD). I had seen the Russian work on this subject and found the progress in CERL very exciting. Thereafter I vis ited the Laboratory almost every month for the next seven years and was always welcomed by the director and shown each of the main research activities in turn -not forgetting the lunch interval, of which more anon. The organizational problems related to competing inter ests with the two other main laboratories of the Board: the Engineering Laboratory at Marchwood and the Nuclear Laboratory at Berkeley. There were also five regional laborato ries, which reported to the five regional directors, and the Board member for research, Dr Rotherham; I tried to assimilate, as best I could, the work in detail in all eight laboratories. The five regional directors met regularly with the Board members and I was invited to attend these meetings so I was well informed of new thinking in the engineering field, and regularly discussed relevant matters with John.
A paper (67) on T h e future of electricity supply' (1966) dealt, for the first time, with transmission in the distant future: 132 kV, 275 kV and 400 kV lines had succeeded one another at roughly 20-year intervals with energy consumption doubling every decade. Would this continue? (It was Lord Robens of the Coal Board who asked the relevant question: would Arabs be content to live in tents for ever? But the sudden quadrupling of the cost of oil lay years ahead.) Dr Forrest discussed the possibility of an 800 kV Grid, and announced that an experimental length of line was ready at CERL for research. Now in the engineering division the future growth of demand had been studied and a strong case had been made for retaining 400 kV as a maximum grid-voltage and, when the load became large enough to threaten stability, to split the Grid into two or three sections connected together by DC links of zero length. I had been convinced by this possible solution of the problem of the future, and opposed the prosecution of research on problems of an 800 kV Grid with the attendant high cost, so at great length I argued the matter with John -and lost. Thirty years later, we still have no need for an 800 kV Grid, but I concede that is being wise after the event. A col laborative plan with France and Italy evolved but Britain's activity is now zero: paper (72) written in 1972 discusses the problems to be faced.
Retirement was postponed for one year and 'thus ended 33 years of highly successful direction of research at Leatherhead' (M); a grand finale took place in 1973 and a tape records the speeches.
T h e D ir e c t o r As Director of the Laboratory John commanded the respect of all his staff; of the many letters I received from those to whom I wrote there has hardly been a discordant note. He was a Scot, and thus economical with words; indeed many friends considered him to be shy. Certainly through all the 50-odd years I knew him well he seldom initiated conversations, but when he chose he could explain a difficult matter comprehensively. He was tough and at all times tried to pursue the best interests of the Supply Industry, as he saw them, so that in later years, with a vast experience behind him, he neither took kindly nor seriously the directives sent from above. But he dealt with them quickly and effectively: 'his method was masterly inactivity; he had a special drawer which was the repository for "difficult correspondence and he found that with the passage of time the problem disappeared' (N). 'John put it differ ently "There's a fortune waiting for the inventor of the slow-burning in-tray" -placing the latest arrived batch of Headquarters (of CEGB) paper-work in his waste-basket' (O). Dr John Ward, who founded the Chemistry Section in 1949, wrote (M)
He was a good man to work for; if you were doing a reasonable job he left you alone but was always ready to offer support. After 1958 the contrast caused him much pain . . . he had little time for the assorted bunch from AEA . . . referred to HQ as the 'dustbin' . . . If you have an organization of scientists working well, leave it alone! If a scheme well thought out by his staff had been sent to HQ and turned down he would say 'You are assuming that these people are rational -they aren't. We shall treat their remarks accordingly and go on as we intended.' Dr Ward reminded me of another habit of Forrest's which I knew well: at conferences such as, for example, at CIGRE in Paris, he would ensure that members of his staff who had accompanied him to read a paper or partake in work of a committee were invited to the various receptions offered by national commit tees, etc., and joined him in entertaining others.
In the earlier years I think he worked well with Charlie Marshall, a fellow Scot and Director of Research 1931-51. Marshall was a great engineer and a past architect of the Grid but no experimenter and I doubt if he ever went into a laboratory; but in IEE discussions he spoke well of the work done by his small group. John's remark about the amazement he felt when Hinton actually went to see him in 1958 rather implies that members of the BEA and CEA boards gave him only grudging support. That he did so well without encouragement from above speaks highly of his commitment to research.
Dr Trevor Broom, recruited by Dr Rotherham in 1960 to lead the new Materials Division, writes of the tolerant freedom he and others were given within John's laissez-faire style of management; he was content to 'let people get on with it,' 'he trusted [his staff] to share his vision of an industry needing high-quality creative thinking in science and engineering.' (P) He frequently remained extremely quiet in the CEGB Research Committee, keeping to himself his own opinion and probably intending 'to get on with it' himself whatever was decided. As an aside I might mention that Dr Churchman (Q) noted that when the Research Committee met at MERL, Marchwood, John would choose a seat at the conference table from which he could watch the Cunard and P&O liners berth out of one eye, needing only half his attention to listen to 'admin.'. Dr Chester tells an amusing story (R) which echoes Dr Broom's. He had arrived as a new boy from America to start the Solid State Physics Section; 'Arrangements for getting things done at CERL were nothing like as good as at Westinghouse, Pittsburg. I was trying to get John's somewhat hidebound assistant to help me get things moving faster: all I got was "We're not having any of your American efficiency here!" '
The opposite reaction came from Dr Glyn England, formerly of the Engineering Department, later Chairman of CEGB. He spoke (S) of John's quick response to his call for help in war-time with protecting gear which had misbehaved, and the development of devices for locating where lightning strikes, and John's speedy response in helping with a flue-dust problem: but these were all his own ideas and were not in any way handled by 'admin.'. I do not think he ever accepted the need for the Mechanical Engineering Laboratory at Marchwood. So much of the work had been done in a small way in CERL -wind tunnel, MHD -that I am sure he felt this could have been done in Leatherhead. But he accepted that the purely nuclear research needed a specially licensed site, as Dr Haig has written 'It was always accepted that the nuclear component [of research] belonged to BNL, the fuel element heat transfer and work on structural integrity and stress analysis were transferred from CERL, a harmonious working arrangement leaving to CERL conventional generation, trans mission and instrument technology. ' Under some reorganization of the NPL their High-Voltage Laboratory was closed down and some staff joined the CEA or CEGB staff at Leatherhead. One, Dr Howard (T), joined the London HQ in 1958 and assessed for HQ the Leatherhead proposals for expanding the High-Voltage facilities there, and by 1960 he was appointed Head of the High-Voltage Laboratory reporting to HQ -not to John except in so far as he was Director CERL. This happened nearly four years before I joined CEGB and I was unaware of the quixotic arrange ment, but I realized that John always sent me down to the Lab. for discussion; but then he sent me to most of the sections without joining me. I later knew how hurtful this had been and before I left he confided in me: it shall be left there. In paper (67) the future proposals for ultra-high-voltage transmission were presented: these I deal with later.
One long-time member of his staff, John Looms, expressed well what many others have said to me (O):
He trusted us and refrained from meddling, giving credit where it was due. This enabled him to pre side successfully over the transition from his family-sized laboratory to the 1000-strong CERL of the 1960s. Not for him the one-man band with the Professor's name on every paper.
Lord Tombs wrote (U) with great affection of his kindly directness and the patience with which he bore successive changes of management. He contributed much to the industry, both directly and by his influence on his colleagues. Professor Morgan concludes (H) that John was not an easy man to get to know -he was rather shy. However he loved children and always made a bee-line for mine at CERL Sports Days. He was always courteous, I never remember him raising his voice in anger . . . In later years he tended to leave the direction to his managers and the workers at the bench rarely saw him.
He was a connoisseur of malt whiskies and after being received most courteously and given a good meal he offered his favourite drink: Drambuie and the best malt, 50:50! After Dr Rotherham left there was a marked change in direction. The Board member, who was no scientist wanted to run the whole thing from London more or less on the basis of sending out written instruc tions: he discussed this with both Forrest and me but we would have none of it and took no part in it. John stuck to C.E.R.L. for another year before retiring. (M) Dr Broom reminds me that John secured the name 'Kelvin Avenue' as the address of CERL and Kelvin was a (Belfast) Scot who generally got his own way.
As the most senior member of staff in office when John retired in 1973 Dr Ward gave the farewell address, recorded, with John's reply, on the tape which will be deposited with his scientific papers.
O t h e r a c t iv it ie s a n d r e t ir e m e n t
The CEGB had always pursued a policy of working close to the appropriate academic departments in universities, supporting some with financial grants. In the high-voltage field, Dr Forrest favoured supporting the electrical engineering department at Strathclyde where breakdown of gases at high pressure was being studied. The work of other schools was con sidered but the decision was taken to concentrate our support on just one activity in this field of science and, in due course, one Fellow and a succession of Ph.D. students, three at any one period of time, received appropriate emoluments. As we had chosen Strathclyde the scheme operated through Dr Forrest and he was invited to become a Visiting Professor there in 1964. He had already established a reputation there as a Scot by giving of the third John Logie Baird Memorial Lecture in 1963 (63), and in retirement was now invited to give the 1975 and 1979 Baird Lectures (Baird was a student in that College before it became a uni versity) and further lectures in 1982 and 1984 (83, 86) . He also arranged a discussion on the Fast-Breeder Reactor. He was clearly in demand there for he gave several lectures to students and to the public.
As President, Section A of the British Association for the Advancement of Science, in 1966 he was invited to attend the Indian Association (now the Indian Science Congress) meeting in Hyderabad in 1967, where he delivered a lecture on the British electricity supply industry. He recorded his reflections (68) on the Congress, modelled as it is on the British Association, with similar attendance. He went on to Bangalore and the Tata in Bombay.
I have already mentioned his first attendance at the Paris meeting of CIGRE, but I have not found exactly how frequently he attended. By 1966 he became a member of three of the study committees and, later, Chairman of the British National Committee in 1972; resigning in 1976. He was at CIGRE when he learned of his wife's death in hospital that summer.
As a new Fellow of the Royal Society (1966) he was invited in 1968 to serve on Sectional Committee, Engineering No. 4 to assess candidates for the Fellowship. At the end of this typical three-year stint he was invited to serve on Council (1972) and was one of the eight Council mem bers who were invited to help the President as Vice-Presidents. He served on several Council com mittees, the Soiree, Education, Library, Esso Award, National Committee for Physics, and an ad hoc committee on engineering and technology -generally three-or four-year terms of office. In 1973 he was the Chairman of the ad hoc committee for the award of research fellowships in envi ronmental studies, on which subject he was a well-informed specialist; three fellowships were awarded in the first year. On a similar subject he was appointed the Society's assessor to the Natural Environment Research Council and to this he devoted a lot of time and thought. Then, in 1973, he was asked to assist the Foreign Secretary, dealing with international relations; the European Science Exchange Programme alone deals with an annual expenditure of £300 000 for fellowships and study visits, and to this is added relations with more distant countries. It was a huge task which surely could only be handled in retirement -he spent two or three days a week on it! In 1973 he visited Czechoslovakia and in 1975 Bulgaria, where he was well received by the academies, and gave lectures. In 1975 the Academie dei Lincei invited a delegation to attend an international congress on geothermal energy; John attended this and visited the geothermal energy sources, and users, in Italy -now generating 365 000 kW (a very large turbo-generator gives around 500 000 kW in England). This academy, founded in 1603, is older than the Royal Society but had a 160-year break in its proceedings. John was asked to take the Chair at the final session. Finally, when the Physical Secretary was absent, John was asked to shoulder some of his duties; in particular dealing with papers submitted for the Proceedings or the Philosophical Transactions. These special duties resulted in his serving Council for one year longer than the usual two years.
In 1976 he went with another Fellow to visit the Japan Academy of Science; he visited two large power stations, research institutions and faculties in universities, and undertook a magnificent tour of famous Japanese temples, shrines, etc. Then followed a visit with another Fellow to the Egyptian Academy but there, it seemed, it was all work and no relaxation. He was beginning to feel that committees were a burden, with no personal secretary, official car, library, restaurant, etc. -far from the life of a research director -and he was getting older.
He was still a Visiting Professor at Strathclyde so he kept in touch with former interests. Electronics was now beyond him but freshwater biology with his microscope was a neverending pleasure -'It is difficult to work in physics or engineering at home but you can still make observations in biology' -and he was too far from Strathclyde to work vigorously in engineering there! He was known for his considerable skill with pen or paintbrush in CERL days, and now he indulged in this hobby.
The Fellowship of Engineering was formed in 1976. To create the initial roll of Fellows all engineering Fellows of the Royal Society (engineers in the widest sense) were invited; some 76, and then a similar number of ranking engineers, were invited. We were all called Founder Fellows, and John was one.
That was the year of Ivy's death; he had first met her at the beginning of this memoir when his second job took him to London in 1931 and it was in that very office that they met. She knew the industry well and shared the frustrations which John encountered in later years in Leatherhead. She enjoyed Paris; my wife and I met them on several biennial gatherings of CIGRE and in IEE circles though we lived too far apart for close friendships to develop. Lord Hinton wrote a very kind letter to John; I know from my many visits with him to Leatherhead that he had the highest regard for John and for what John had done for the industry.
John turned to domestic excellence: several London friends who went to his home for a meal spoke of his great ability as a chef -indeed, throughout life he had been an experimen talist and where better to experiment than in the kitchen! He had been a member of the IEE Council for the years 1957-60 and 1964-67 and in 1961-2 he was the Chairman of the Supply Section. In 1977 he was honoured with the Hon.F.I.E.E. and two years later the National Academy of the United States elected him a Foreign Associate.
He gave a few more lectures to students and staff at Strathclyde, published some papers (83, 86), but did no research there. Only in Who's Who did I find that Herriott-Watt University bestowed an Hon.D.Sc. on him in 1972, three years after Strathclyde had simi larly honoured him with the D.Sc.; in 1990 he was given the title of Emeritus by Strathclyde.
I want finally to put on record my highest regard for his life's work. We have been friends for almost 60 years, and I have always enjoyed his company. That shyness to which so many friends have referred merely slowed up conversation: he delayed broaching a new subject but when he was on firm ground he spoke with authority.
As the industry has changed so much in the last few years and as the research laboratories pass away I am glad John will not witness the decline which is setting in.
A r e v ie w o f P r o f e s s o r F o r r e s t 's p u b l ic a t io n s
In his final year at Glasgow he suggested (1) a brief study of well-known features of an electrolytic rectifier: the theory of the action of rectification has never been finalized, so he thought to make some detailed observations of the glow which forms on one of the elec trodes when it is of positive polarity. He chose an aluminium-lead combination and 'formed' this into the 'active' state by passing a large current through it: it oxidizes, and the current falls; a thin gas layer shrouds the oxide and this gas is seen to glow: with a.c. this layer passes current only in one direction. He measured the thickness of the oxide layer and the glass shroud; also the pressure within this shroud and the electric field in it: very nice work which may help the theorist.
Within a year of graduating he had calculated (2) various qualities associated with 3-phase Grid transmission lines, single and double circuited: these must be known so that deteriora tion can be assessed, protective gear can be correctly adjusted and system wave-purity and stability can be assessed. Whether he was a fisherman I do not know, but he assessed the danger to an angler whose fishing line came in contact with a 132 kV line: the angler was unlikely to receive a severe shock! Paper (3) deals with observations on many transmission line insulators tested under severe dirty foggy conditions over the years at Dalmamock and at Croydon, from 1929 to 1934. The steady value of the leakage current of a chain of eight or nine insulators varied between 0.2 and 1.0 mA but with the dirty insulators surges could reach 100 mA and some develop into complete flashover. Rain is a good cleaner, so chains of insulators in tension are much cleaner than those in suspension and it was recommended that insulator cleaning should be concentrated in mid-winter months on the vertical chains. Manufacturers had developed 'anti-fog' insulators having longer lengths of vertical surface; these gave superior perfor mance but still needed frequent cleaning in polluted atmospheres.
Paper (4) deals with live-line testing of the individual insulators in a string; a small elec trostatic voltmeter was mounted on the end of a long insulating stick provided with testing spikes so that the meter could test across a single insulator; a condenser of high dielectric strength was connected in series for safety, so that if the instrument should flashover the con denser absorbs the released charge. The device was patented (476 228) and used widely; it was easily used and instantly detected a punctured insulator even in a string of eight dirty insulators. (7) also deals with insulators and with techniques of washing them; in substations they can be washed with a hose, even as frequently as daily in areas of heavy pollution but it was recommended that the water jet should be broken before it reached the insulator. Much of the above work was reported at the 1939 Paris meeting of CIGRE by Marshall and Forrest, except that the case for the anti-fog insulator was strengthened: 'has been effective in practically eliminating flashover on lines where standard insulators were relatively inef fective: testing is essential to avoid service failures and live-line washing is an effective alternative to hand-cleaning.' By 1940 a review is presented (10) of the behaviour of some modem insulators. One improvement was the use of a larger-diameter metal cap, thus reducing or even eliminating corona at its rim, and thus reducing the total radio-noise emitted in service. The German 'motor' insulator, a long solid cylinder (with rain shed corrugations) had given good service in badly polluted areas; it has no metal fittings and thus has lower radio-noise emission. The British Pilkington toughened glass insulator came in for strong commendation (giving pleasure to the writer as his member of staff, Mr J.B. Mitford, tested champagne-glass insulators which I ordered from France in 1931; he joined Pilkington to introduce glass insulators to them, and then in 1934 produced the toughened version which became the standard suspension insulator). Anti-fog bushing insulators made in Britain were vastly superior to their predecessors. The paper makes the first reference to an insulator given a relatively low value of resistance and Patent 527 357 granted to Charles Marshall and John Forrest (1939/Oct. 8, 1940) refers to resistances mounted externally to the insulator units, or incorporated within the insulator, the body which is made of a material having the appropriate value of resistance; alternatively the surface may be coated with a suitable mate rial having low resistance. Paper (15) one year later can only report, however, that 'investiga tions are being made to find a satisfactory method of manufacture of a porcelain incorporating a resistance'; an excellent linear voltage distribution had been obtained on a string of eleven units each shunted by a fixed resistance of 10 m£2. Otherwise, that paper gave a comprehensive review of the situation of insulator behaviour up to that date.
In 1939 paper (9) reviews measurements on the amount of wave distortion produced in a.c. networks by the inclusion of static transformers and mercury-arc rectifiers ( Journal) but though a number of measurements are quoted there is no indication as to who made them nor to where they were done, so it is not clear whether this is the work of Dr Forrest or his few assistants of those days.
Two insulation test sets are described in (12) and (13): they had been developed to test insulators, either on a regular basis or when already under suspicion; both were portable and tests had resulted in some bushing insulators having been taken out of service before ultimate breakdown had occurred. A comprehensive account of the measurements made in the field on transformers, bus-bars and switchgear by Dr Forrest and two of his staff (16) with the help of others was presented to the Meter Instrument Section of the IEE. Some 2000 tests had been made, many faulty bushings taken out of service and much information is given on power-factor measurements, voltage distribution over insulator surfaces, and resistance mea surements on insulation in transformers: paper (17) is a popular account based on the IEE paper.
'Lightning is responsible for 60% of overhead line breakdowns in power supplies in GB' (18); so in 1942 Dr Forrest described the continuous recording of atmospherics to determine the distance of the storm: a radio receiver, 150 kHz, connected to a continuous chart recording meter. In tests over three years the relation between recorder output and storm dis tance had been determined, the strength being inversely proportional to square root of distance of source, so for nearby storms some two or three hours' warning has been given and where there are alternative routes for the electric supply to be provided, the 'stormy route' can be shut down. Recording apparatus was located at Horsley, Surrey, and later at Melksham and Newcastle-upon-Tyne. Schonland and other early workers had located distant storms using cathode-ray oscillograph direction finders; Forrest got the storm location from the position of breakdowns in the power supply or reports of insulator flashovers followed by opening of switchgear controlling the section of line struck. From the information gathered from the three stations quoted above the speed and direction of the storm could be derived with moderate and sufficient accuracy. At these stations flashes occurred at the rate of 7-80 per hour, the lower rates being measured in winter storms. This whole subject then formed material for a joint meeting of the IEE and the Royal Meteorological Society in 1945, printed in the Journals of both Societies (23, 24) . Dr Forrest's contribution concerned the effects of weather on the generation and transmission of electric power: curves showed the change in power sent out in S.E. England as temperatures dropped 14°C between two days a week apart. The effect of lightning was reported as in (18) and the need for accurate weather fore casting was urged, particularly forecasts of icing conditions as those affect the behaviour of line insulators. He returned to the problems of the measurement of noise emitted by power transformers (27) -there had been a very short paper on this in 1939 (6) but now, at the Paris CIGRE of 1946, a full account was given; mechanically caused noise due to magnetic forces, and magnetostrictive noise within the magnetic sheet steel used for the core. The former can be reduced by improved design -not easily achieved where there are air gaps in the field; the latter, only by lower flux density or improved steel. Over the years a doubling of size of a power transformer doubled the noise emitted. Measurements are confusing, depending on location and reflection from buildings, etc., but briefly noise decreased at a rate rather less than the square of the distance and values could reach real nuisance levels, particularly at night, so work has resulted in careful study of siting, and including a statement of noise in a transformer purchasing specification. He gave suggested levels for adoption, but never returned to this problem.
He published a number of Overhead-line Charts (28) based on 15 years of his work calcu lating all sorts of aspects of line-regulating problems for lines from 400 V up to 264 kV, beautifully presented and probably drawn by himself -he was a skilled artist -a sort of 'Kaye and Laby' for the transmission engineer. Another paper in the realm of measurements (31) concerned the adoption of a resistance test for insulating oils to replace the standard breakdown test which had been in the standard specification for many years. He concluded that it gave more information about the condition of an oil, say in a switch or transformer, and of course the test could be made on the oil in situ, and continuously if need be, rather than only after having been removed from site.
Then he reverted to the improvements on line insulators (30, 32, 35) . There is no indica tion in the information available that Marshall and Forrest ever tried to make a semi-conducting glaze for a porcelain insulator in spite of their 1939 provisional patent, but industry had been experimenting with silicon, aluminium and potassium oxides finely ground and added to the standard glaze before fusion onto the base: a resistivity of 10 mO per cm square, 10 000 times lower than an untreated standard glaze, had been achieved. Provided the two electrodes of an insulator were of comparable size, rectifying effects would not be notable but all resistances fell with increasing temperature, partially due to contact resistance between electrode and glaze, and some disintegration of the glaze occurred with time at the contact region. The samples tested were satisfactory thus far, and tests showed that the semi conductor appeared to be in solid solution in contact with the glaze. Paper (34), published three years later than (30), speaks of the manufacturer having been successful in developing suitable semiconducting glazes. That same paper repeats and enlarges upon some of the transmission line problems already described and (35) tells the same story in French.
'It is sometimes desirable to apply a short-circuit to the system to test protective relays'; being a keen and good photographer he photographed the arcs of 6000 A which were pro duced in the short-circuit tests on the 132 kV grid in two days in 1947 (33). He showed that the intensely luminous cloud of vapour commonly persisted for 0.1 to 0.5 seconds after the current had interrupted in gaps of 71 cm to 200 cm. But it must be noted that the short-cir cuit occurred because a thin copper wire was connected to the two electrodes so there was a lot of copper vapour in the gap.
A review of the breakdowns due to lightning on the Grid between 1934 and 1947 (war years omitted) is presented in (36). Breakdown occurs only due to flashes to earth, not to the far more numerous inter-cloud flashes and in this period flashes to ground close enough to strike the towers, earth wires, or conductors of the Grid numbered 1200 on the 6000 miles. The variations with season followed the variations of thunderstorm days collected by the weather men: maximum in mid-summer and mainly in the afternoons. (37) to the IEE 1948 deals with the facts extensively. Although lightning is one of our biggest sources of power interruption the Grid suffers only on about 13 days a year compared with South Africa's 30, Florida's 80 and tropical areas of around 100. The Grid was well designed, all earth wires bonded to towers and most towers with low resistance to ground, and most stations receiving power from two different directions. Analysis showed that the top phase was struck most fre quently, indicating that the shielding provided by the earth conductor is smaller than for the lower phase conductors, but damage as the result of flashover is so slight that half are never located. The paper deals thoroughly with substation and transformer failures on 33 kV, 66 kV, and 132 kV lines, and various aspects of line protection and insulation coordination, the use of surge diverters and cable terminations. It repeats the advantage to be gained by thunderstorm recording instruments and provides a very comprehensive account of perfor mance of the whole system. The opening of the new laboratories in July 1950 provided Dr Forrest with an opportunity to describe in very few words (38) the research programme lying ahead, making reference to the new test facilities at 275 kV and two years later in Paris at CIGRE he could report on power loss and radio noise on the /4mile of experimental 3-phase line; two spans with two earth conductors, 19 cap and pin insulator chains were used in suspension sites, and 17 in tension sites. Generous meteorological instrumentation was provided and rain and snow played rewarding parts in the two-year study. Twin conductors were used for part of the time followed by months of operation of one conductor per phase, this conductor being over twice the area of each of the twin conductors. In an exceptionally heavy rainfall power loss, insu lator leakage and radio interference all rose to levels 10 times the dry weather figures; but note even this power loss is small compared with the load loss (I2R) on full load. Radio inter ference was roughly the same but the amounts change relatively as the frequency range is changed. At the same time he wrote a similar account of the 275 kV Grid with two engineer colleagues, Forrest's part concerning the new research, and he announced that similar infor mation at voltages of 400 kV would be sought. These same authors then reported (47) in 1954 at CIGRE on the scheme for a 400 kV Grid to be ready for 1960. The experimental line at Leatherhead had been reconstructed to operate at 400/500 kV, and a minimum leakage distance over the insulators of one inch per kV had been settled though even some anti-fog insulators would still spark over in exceptionally severe conditions. The experi mental insulators with a conducting glaze would be welcomed but some deterioration had occurred due to electrolytic corrosion, so fresh glazes were being examined. The bushing insulators with conducting glaze had given satisfactory service for nine years. Oil-bath insu lators -used very many years ago -had been tried over eight years in England and reports were good. A second 1954 paper (48) with Mr Ward dealt with corrosion of the steel-cored aluminium conductors of the Grid, 1928-33 : from a test length the strands of aluminium and iron were unwrapped and tested separately. Two types of corrosion were identified: indus trial causing a uniform attack on the aluminium with deep pits; coastal -being mainly elec trolytic -is between the two metals, the attack being on the aluminium, the steel core being was being recognized and, in 1969 'the probability of the simultaneous occurrence of switching surges and severe pollution must be assessed. ' His last papers before retirement papers (77-89) look forwards to possible transmission in the 1000 kV range, and backwards. Many of these were given as Visiting Professor at Strathclyde. One of the most futuristic lectures he gave there was the possible effect on trans mission lines and control circuits of the explosion at very high altitudes (400 km) of a large nuclear bomb which emits a huge burst of y-rays; these travelling with the velocity of light enter the Earth's atmosphere and, reacting with atoms, produce a burst of electrons which, reacting with the Earth's magnetic field, travel in spiral orbits and an electromagnetic pulse is generated, lasting, say, one second with very fast rise-time. The science is complicated but such an effect 'put out the street lamps 800 miles away!' Dr Forrest tried to assess what kind of damage such an electromagnetic pulse might do to the Grid and its control circuits. (88) (1) (2) 1931 (3) 
